
oocytes is in turn maintained by the so-called cytosta-
tic factor (CSF). Several different proteins have been
shown in vertebrate oocytes to possess CSF activity; in
mammals the presence of two of these proteins has
been detected in MII oocytes: the proto-oncogene
product c-mos and mitogen activated protein (MAP)
kinase (Haccard et al., 1993; Verlhac et al., 1996;
Ciemerych et al., 1999). The mechanism by which CSF
maintains high levels of cdc2 kinase activity is not
clear; however, it is believed that CSF most probably
inhibits the regulatory subunit (cyclin B) degradation
machinery and slows down cyclin B destruction. The
results of experiments performed in Xenopus (Abrieu et
al., 1996, 1997; Thibier et al., 1997) and mouse (Verlhac
et al, 1996) suggest that the CSF-mediated inhibition of
cyclin destruction is exerted via MAP kinase activation
by c-mos (which itself is a protein kinase). The
degraded cyclin can be replaced by continuously syn-
thesised new protein and it can participate in the main-
tenance of MPF activity.

Introduction

After the completion of maturation, mammalian
oocytes remain arrested at the metaphase II (MII) stage
until fertilisation or artificial activation. This rather
long meiotic block is caused by the presence of high
levels of M-phase promoting factor (MPF) activity.
MPF has been shown previously to be a complex of a
catalytic subunit, cdc2 kinase and its regulatory
subunit cyclin B, and its activity can be measured as
histone H1 kinase activity (for review see Nurse, 
1990; Pines & Hunter, 1990). High MPF activity in MII
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Summary

In this study a specific inhibitor of cyclin-dependent kinases (cdks), butyrolactone I (BL I), was used for
activation of pig and cattle metaphase II (MII) oocytes. BL I at a concentration of 100 µM was able to
induce activation of both pig and cattle MII oocytes in a manner dependent on exposure time; however,
precise timing of BL I exposure was required for the best activation results. The optimum activation rates
were obtained when cattle MII oocytes were treated for 5 h with BL I and subsequently for 3–11 h in con-
trol medium, and pig MII oocytes for 8 h in BL I and then for 8–16 h in control medium; the percentage
of activated oocytes after such treatment varied between 55% and 74% and between 53% and 81% for cat-
tle and pig oocytes, respectively. Shorter exposures to BL I led to re-entry of the oocytes to the metaphase
state in 35–50% of oocytes, the remaining oocytes forming a pronuclear stage; longer exposure to BL I led
to increased numbers of oocytes being abnormal or degenerated. The behaviour of histone H1 kinase and
mitogen activated protein (MAP) kinase, also measured during the experiment, reflected the morpho-
logical changes in the oocytes: both were inactivated after BL I treatment, though the inactivation of his-
tone H1 kinase occurred 2 h ahead of that of MAP kinase. However, in the oocytes treated for a shorter
time with BL I, with the reoccurrence of condensed chromatin in proportion of the oocytes cultured in
control medium after BL I treatment, both kinases became reactivated. Taken together, these results sug-
gest the possibility of using BL I for activation and cloning experiments in both species.
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Under physiological conditions, when MII oocytes
are fertilised the spermatazoon firstly fuses with egg
plasma membrane and then the activation of the
matured egg occurs (including release from MII block,
extrusion of the second polar body and pronuclear for-
mation). The sperm triggers a series of Ca2+ oscilla-
tions, which have been proven to be an essential acti-
vating signal (Homa et al., 1993). Ca2+ influences the
cyclin degradation machinery and it has been shown
that it acts through activation of Ca2+-calmodulin
dependent kinase II (CaMKII), which in turn activates
the ubiquitin-dependent cyclin degradation pathway
(Lorca et al., 1993; Abrieu et al., 1996).

Apart from electrical stimulation, a number of dif-
ferent chemical substances have been used for artificial
activation of mammalian oocytes. The basic idea in
using these different substances is either to increase the
intracellular calcium levels in order to mimic the Ca2+

oscillations accompanying fertilisation, or to influence
the levels and/or the activities of proteins related to
cell cycle regulation. However, while quite high rates
of activation of mouse MII oocytes could be achieved
by using representatives of both the above-mentioned
groups, including ethanol (Cuthberson, 1983), Ca2+

ionophores or chelators (Steinhardt et al., 1974; Kline &
Kline, 1992), SrC12 (Kono et al., 1996; Tateno &
Kamiguchi, 1997) and the protein synthesis inhibitors
cycloheximide and puromycin (Siracusa et al., 1978;
Clarke & Masui, 1983), activation of porcine and, espe-
cially, cattle MII oocytes tends to be more complicated.
Aged MII oocytes of these species respond similarly to
mouse oocytes to these stimuli and can easily be acti-
vated by ethanol (Nagai et al., 1987), electrical stimula-
tion or Ca2+ ionophore (Ware et al., 1989; Hagen et al.,
1991), and in some cases by inhibition of protein syn-
thesis (Fulka et al., 1991); however, younger oocytes are
not activated by such treatment or their developmental
potency is impaired. Such an influence of age on oocyte
activation has been described also in mouse (Kubiak,
1989), but it is more pronounced in pig (Hagen et al.,
1991), and especially in cattle oocytes (Ware et al.,
1989), probably due to the longer time of oocyte matu-
ration in these species. Fertilisation of aged bovine
oocytes also resulted in asynchrony between female
and male chromatin activation (decondensation) and
pronuclear formation (Pavlok et al., 1997).

Much better results in activating pig and cattle
oocytes have been achieved more recently by using the
combination of Ca2+ elevating agents with either vari-
ous inhibitors of protein kinases or inhibitors of pro-
tein synthesis. The number of various combinations
include activation of cattle oocytes by treatment 
with ionomycin/ionophore together with 6-dimethyl-
aminopurine (6-DMAP) (Susko-Parrish et al., 1949; Liu
et al., 1998), activation of porcine oocytes by a combi-
nation of ethanol and 6-DMAP (Leal & Liu, 1998), or
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the simultaneous use of ionomycin/ionophore/ethanol
+ cycloheximide for activation of porcine (Cha et al.,
1997) or cattle oocytes (Presicce & Yang, 1994; Tanaka
& Kanagawa, 1997; Ernst et al., 1999). While the treat-
ment of oocytes with ionomycin/ionophore or ethanol
influences the intracellular Ca2+ levels and in such a
way subsequently affects the CSF degradation path-
way, 6-DMAP and cycloheximide/puromycin are
likely to influence the activity and levels of cell-cycle-
related protein kinases. The abrupt decrease in histone
H1 kinase after oocyte activation has been reported 
in number of mammalian species including mouse
(Verlhac et al., 1994; Moos et al., 1995, 1996), rabbit 
(Collas et al., 1995), cattle (Collas et al., 1993; Liu et al.,
1998) and pig (Kikuchi et al., 1995). On the other hand
the activity of one of the kinases involved in CSF, the
MAP kinase, has been reported to remain elevated for
several hours after an activation stimulus (Liu et al.,
1998; Moos et al., 1996) and its inactivation could rather
be correlated with pronuclear formation, at least in
mouse zygotes (Moos et al., 1996).

In this study we report the use of a specific inhibitor
of cdk kinases, butyrolactone (BL I), for activation of
pig and cattle oocytes and we describe the changes in
the activities of two cell-cycle-related kinases – cdc2
and MAP kinase – during activation.

Materials and methods

Materials

The following chemicals were used: BL I was from
Funakoshi (Tokyo, Japan), histone H1 from Sigma (St
Louis, MO), crystallised cattle albumin, silicone oil,
sodium pyruvate, calcium lactate and Coomassie Blue
from Serva (Heidelberg, Germany), TCM 199 (10× con-
centrated stock) and NaHCO3 (7.5% stock) from Sevac
(Prague, Czech Republic), fetal calf serum (FCS) from
Bioveta (Ivanovice, Czech Republic), porcine follicle
stimulating hormone (radio-iodination grade) (FSH)
from Biogenesis (Poole, UK), Suigonan PG-600
(FSH/LH gonadotropins) from Intervet, International
(Boxmeer, Holland), [γ-32P]ATP from Amersham (Lon-
don, UK), myelin basic protein (MBP), and polyvinyl
alcohol (mol. wt. 300 000–50 000) and all other reagents
from Sigma (St Louis, MO). Deionised and Nanopure
filtered water was used for all media. The plastic
dishes were from Nunclon (Roskilde, Denmark).

Oocyte collection and culture

Cattle ovaries, collected from slaughtered cows, were
transported in physiological saline at 20 °C to the labo-
ratory. The ovaries were then briefly washed for 20 s in
70% ethanol and twice in physiological saline. Follicles
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2.5–8 mm diameter were dissected with fine scissors,
placed in 90 mm Petri dishes with the basic culture
medium (see below), punctured and pressed with 
a bent preparation needle to isolate the oocytes.
For oocyte culture in vitro, only healthy-looking
oocyte–cumulus cell complexes (OCCs) were selected
(Pavlok et al., 1992). The OCCs were washed twice in
the basic culture medium and transferred into 4-well
Nunclon dishes with 0.5 ml medium under silicone oil.
OCCs were cultured in 9.4 ml TCM 199 (10× concen-
trated stock), 2.1 ml NaHCO3 (7.5% stock) in 100 ml
H2O and supplemented with 9.5 mM HEPES, 1.82 mM
sodium pyruvate, 50 IU/ml penicillin potassium salt,
50 IU/ml streptomycin sulfate, 125 ng/ml ampho-
tericin B (basic culture medium). This basic culture
medium was supplemented with 3 mg/ml crystallised
bovine serum albumin (BSA) and 10 IU FSH/LH
gonadotropins (PG-600). All cultures of cattle oocytes
were done in a humidified atmosphere composed of
5% CO2, 10% O2 and 85% N2 at 39 °C.

Pig oocytes were obtained from ovaries of slaugh-
tered non-cycling gilts of large breeds by aspiration of
antral follicles about 5 mm in diameter. Only oocytes
surrounded by compact cumuli were used for the
culture. Oocytes were cultured in 0.1 ml droplets of
basic culture medium, supplemented with 10% FCS
and 0.5 IU/ml FSH, under paraffin oil at 38 °C, under
5% CO2.

In the experiments examining the effect of BL I, the
basic culture medium containing either BSA and PG-
600 (for cattle oocytes) or FCS and FSH (for pig
oocytes) was supplemented with 100 µM BL I, the dose
determined by us previously (Kubelka et al., 2000) as
the most effective and still highly specific for cdk
kinases; BL I was prepared as 50 mM stock solution in
dimethylsulfoxide (DMSO).

Fixation, staining of oocytes and morphological
analysis

For checking the current stage of maturation and acti-
vation at the time of sample collection, an aliquot batch
of 10–30 oocytes was fixed and stained according to
following procedure: cumulus cells were removed by
hyaluronidase (Sevac) treatment (247 TRU/ml) for
10  min followed by 4 min of vortexing and repeated
pipetting with a narrow-bone micropipette. The
oocytes were mounted on microscope slides with
Vaseline stripes, covered with a coverslip and fixed in
ethanol–acetic acid 3:1 for 24 h. Staining was per-
formed with 2% orcein in 50% aqueous acetic acid, 1%
sodium citrate. Following careful substitution of dye
with 40% acetic acid the samples were observed using
phase-contrast microscopy (NU Zeiss-Jena).
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Myelin basic protein and histone H1 kinase double
assay

Activities of histone H1 and MBP kinases reflecting
maturation-promoting factor (MPF) and MAP kinase
activities, respectively, were measured in oocytes by
their capacity to phosphorylate external substrates,
namely histone H1 and MBP. At each time interval dur-
ing the culture, 10 oocytes per sample were collected,
washed (4×) in PBS and transferred in 3 µl of PBS into
Eppendorf tubes. Samples were immediately frozen on
dry ice and stored at –80 °C until assays were per-
formed. The histone H1 and MBP kinase activities were
measured according to Motlík et al. (1996). Briefly, 5 µl
of buffer A (40 mM MOPS, pH 7.2, 20 mM para-nitro-
phenyl phosphate, 40 mM beta-glycerophosphate, 
10 mM EGTA, 0.2 mM EDTA, 2 mM DTT, 0.2 mM
Na3VO4, 2 mM benzamidine, 40 µg/ml leupeptin and
40 µg/ml aprotinin) were added to each sample and the
samples subjected to three rounds of freezing and
thawing on dry ice. After the final thawing the tubes
were briefly vortexed and centrifuged at 10 000 g for 
15 s. The kinase reaction was initiated by addition of 5
µl of buffer B (100 mM MOPS, pH 7.2, 20 mM para-
nitrophenylphosphate, 40 mM beta-glycerophosphate,
20 mM MgCl2, 10 mM EGTA, 0.2 mM EDTA, 5 µM
cAMP dependent protein kinase inhibitor, 2 mM
benzamidine, 40 µg/ml leupeptin and 40 µg/ml apro-
tinin; 600 µM ATP, 2 mg histone H1/ml and 3 mg
MBP/ml) with 500 µCi/ml [γ-32P] ATP (10 mCi/ml,
Amersham). The reaction was conducted for 30 min at
30 °C and terminated by the addition of 10 µl 2× con-
centrated SDS PAGE sample buffer and boiling for 
3 min. After electrophoresis on 15% SDS PAGE gel
(Laemmli, 1970), the gels were stained with Coomassie
Blue R250, destained overnight, dried and autoradi-
ographed.

SDS PAGE and immunoblotting

Immunoblotting with antibodies against p44 (ERK1)
and p42 (ERK2), two members of the MAP kinase fam-
ily, was carried out to confirm that the activity of MBP
kinase reflected that of MAP kinase. At each; time inter-
val, 10 oocytes per sample were collected, washed five
times in protein-free media (PBS), lysed in 10 µl 2× SDS
sample buffer containing 5% 2-mercaptoethanol and
stored immediately at –80 °C until electrophoresis.
Samples were separated on 9% SDS PAGE gels
(Laemmli et al., 1970) in which the acrylamide:bis-
acrylamide ratio in the separation gel was 100:1.
Separated proteins were transblotted to Immobilon-P
(Millipore) membranes using a tank-buffer apparatus
(200 mA, 1 h). Blots were incubated in 10% teleost
gelatin (Sigma) dissolved in 0.05% Tween-20 in Tris-
buffered saline, pH 7.4 (TTBS) for 1 h prior to develop-
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ment with anti ERK-1 antibody (Santa Cruz, CA; sc-94,
1:1000), followed by secondary anti-rabbit, horseradish
peroxidase-linked Ig (Amersham, 1:5000); the blots
were incubated with each antibody for 1 h at room tem-
perature. The blots were then washed at least 5 times
for at least 10 min for each wash in TTBS and after that
developed with an ECL chemiluminescent kit accord-
ing to the manufacturer’s instructions (Amersham).

Results

Activation of pig and cattle oocytes by BL I

The ability of BL I to activate pig and cattle oocytes was
assessed on the basis of the oocytes’ capability to
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develop to the pronuclear stage, or to a 2-cell stage
embryo. The unaged MII oocytes (cultured 24 h for
cattle and 46 h for pig in control medium) were treated
with BL I for different time intervals (as indicated in
figure legends) and then either fixed for morphological
observations immediately, or subsequently cultured
for additional time intervals in control medium after
BL I treatment and then fixed. The data from four
experiments for each species were pooled; the results
are summarised in Tables 1 and 2 and in Figs. 1 and 2.

From the results shown, it seems clear that precise
timing of the BL I treatment is essential for obtaining
the best activation rates. Generally, intervals longer
than 3 h were needed to induce activation of unaged
MII oocytes. When the BL I treatment was prolonged
beyond 5 h or 8 h, for cattle and pig oocytes respec-

Table 1 Morphology of cattle MII oocytes treated with butyrolactone I

C24 C30 C42 BL3 BL5 BL8 BL10 BL12 BL16 BL5+C3 BL5+C5 BL5+C7 BL5+C11

Total no. of oocytes 27 20 28 37 34 41 32 50 38 40 38 37 47
MI 3 2 4 5 3 2 5 1
MII (MIII) 24 18 20 13 2 4 9 2 1 10 5 12 8
Ana II/Telo II 12 10 3 4 2 6
1 PN 1 PB 1 3 1 2 4 4
1 PN 2 PB 4 11 12 24 18 15 4 22 23 17 15
2 PN 1 PB 1 4 2 2 2 3 2 3
2 PN 2 PB 2 2 3
2-cell 1 1
Fragmented/Abnormal 7 2 24 31 1 6
Total no. of oocytes in 4 12 17 26 18 22 6 25 28 23 26
pronuclear stage (%) (14) (32) (50) (66) (56) (44) (16) (63) (74) (62) (55)

Oocytes were cultured in vitro for 24–42 h (C24–C42) and the 24 h cultured oocytes treated either with BL I alone for 3–16 h
(BL3–BL16), or with BL for 5 h and subsequently cultured in control medium for 3–11 h (BL5+C3–BL5+C11).

Table 2 Morphology of pig MII oocytes treated with butyrolactone I

C46 C70 BL3 BL5 BL8 BL24 BL8+C8 BL8+C10 BL8+C12 BL8+C16 BL10+C12

Total no. of oocytes 32 35 44 55 37 49 37 32 49 31 37
MI 3 2 2 1 3 2
MII 27 31 2 10
Ana II/Telo II 2 25 9 2 3 3
1 PN 1 PB 4 5 3 2
1 PN 2 PB 2 17 28 23 25 16 9 11
2 PN 1 PB 6 7 5 7 5 11
2 PN 2 PB 2
2 cell 6 16 9
Fragmented/Abnormal 7 12 7 12 17 12 25
Total no. of oocytes 17 34 30 34 30 17 30 19 9
activated (%) (39) (62) (81) (69) (81) (53) (61) (51) (24)

Oocytes were cultured in vitro for 46–70 h (C46–C70) and the 46 h cultured oocytes further treated either with BL I alone for
3–24 h (BL3–BL24) or with BL for 8 h and subsequently cultured in control medium for 8–16 h (BL8+C8–BL10+C12).
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Figure 1 Morphology of cattle MII oocytes treated with BL I (data taken from Table 1). Oocytes were cultured in vitro for 24–42
h in control medium (C24–C42), and the 24 h cultured oocytes subjected to BL I treatment alone (C24+BL3–C24+BL16), or fol-
lowed by subsequent culture in control medium (C24+BL5+C2–C24+BL5+C11).

Figure 2 Morphology of pig MII oocytes treated with BL I (data taken from Table 2). Oocytes were cultured in vitro for 46–70
h in control medium (C46–C70), and the oocytes cultured for 46 h in control medium subjected to BLI treatment alone
(C46+BL3–C46+BL24), or followed by subsequent culture in control medium (C46+BL8+C8–C46+BL10+C12).
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tively, the proportion of degenerated or abnormal
oocytes increased proportionally. Optimum results
were obtained when cattle MII oocytes were treated for
5 h with BL I and subsequently for 3–11 h in control
medium, and pig MII oocytes for 8 h in BL I and then
for 8–16 h in control medium; the percentage of acti-
vated oocytes after such treatment varied between
55% and 74% and between 53% and 81% for cattle
and pig oocytes, respectively (Table 1, 2; Figs. 1, 2).
However, in the case of cattle oocytes, even treatment
with BL I for 5 h was not sufficient to activate a pro-
portion of the oocytes (between 19% and 32%), and
after the release of inhibitor and subsequent culture in
control medium, such oocytes were found to be
blocked in metaphase, i.e. some of them returned to
MII stage and some extruded a second polar body and
subsequently formed a MIII plate (data not shown;
Table 1, Fig. 1).

Histone H1 and MBP kinase activities in pig and
cattle oocytes treated with BL I

To assess the state of activation of two major protein
kinases regulating the cell cycle in pig and cattle
oocytes (cdc2 kinase and MAP kinase) after BL I treat-
ment, the aliquot batch of 10 oocytes was used from
each time interval for double kinase assay with histone
H1 and MBP as external substrates.

The results reflected quite closely the morphological
observations: as seen from Fig. 3A, both kinases were
highly activated in cattle MII oocytes (some inactiva-
tion occurred in aged MII oocytes cultured for a pro-
longed 44 h period in total), after BL I treatment for 3
and 5 h both kinases were gradually inactivated (H1
kinase more quickly), and after 8 and 10 h in BL I no H1
kinase or MBP kinase activities were detected in such
treated oocytes. Partial activation of both kinases in
oocytes cultured in the control medium after removal
from BL I block corresponds to the fact that a propor-
tion of oocytes in these samples were blocked in
metaphase (and as such possessed high H1 kinase and
MBP kinase activities).

Similarly, both kinases were highly activated in pig
MII oocytes (Fig. 4A), with partial inactivation after
prolonged culture (up to 70 h). After BL I treatment
both kinases were gradually inactivated; total inactiva-
tion of H1 kinase occurred already after 3 h, while MBP
kinase remained partially active even after 5 h. The
partial reoccurrence of H1 kinase activity after the
removal of BL I block and culture in control medium
(especially after longer intervals in control medium) is
probably due to the presence of a small proportion
of embryos which had already reached the first
mitosis.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

52 M. Kubelka et al.

Western blot analysis of MAP kinase activity in pig
and cattle oocytes treated with BL I

Since MBP is a substrate for a number of protein kinases,
the activity of MAP kinase was also assayed by
immunoblotting using an antibody recognising two
members of the MAP kinase family: ERK1 and ERK2.
Both these kinases are activated by phosphorylation,
which results in a decrease in electrophoretic mobility,
i.e. when the kinase becomes activated, a band shift to
higher molecular weights could be seen on the blot. Figs.
3B and 4B show that the blots were in good agreement
with results obtained in kinase assays: both cattle
and pig MII-blocked oocytes possessed high levels of
MAP kinase activities. BL I-mediated activation of
oocytes resulted in gradual inactivation of MAP kinase,
though much slower than that of histone H1 kinase.
In both pig and cattle oocytes MAP kinase was still
active after 3 h of BL I treatment and partial activity
could be seen even after 5 h. After 8 h of BL I treatment
the MAP kinase was totally inactivated (Figs. 3B, 4B).
When cattle oocytes were treated for 5 h with BL I and
then cultured in control medium for 3–15 h, partial
activity of MAP kinase was detected in these samples,
which is probably due to the above-mentioned fact that
some oocytes from these batches were blocked at the
MII/III stage (Fig. 3B). On the other hand, no activation
was detected in pig oocytes cultured for 2–16 h in
control medium after 8 h of BL I treatment (Fig. 4B), sug-
gesting that MAP kinase activation does not occur dur-
ing the first mitosis.

Discussion

In this study we show the activation of unaged (freshly
matured) pig and cattle oocytes by a specific inhibitor
of cdk kinases, BL I. We document that BL I is able to
induce activation of both pig and cattle MII oocytes at
high rates in a manner dependent on exposure time;
however, precise timing of BL I treatment is required
for best activation results: too short an exposure to BL
I can lead to re-entry to the metaphase state (MII or
MIII) while too long an exposure can lead to fragmen-
tation or degeneration of oocytes. We also describe
temporal changes in the activities of two major cell-
cycle-related protein kinases – cdc2 kinase and MAP
kinase – in these oocytes during activation by BL I. We
show that the activation of oocytes (assessed on the
basis of pronuclear formation) is accompanied by inac-
tivation of both kinases, though inactivation of cdc2
kinase occurs more quickly than that of MAP kinase:
while cdc2 kinase is inactivated after 3 h of BL I treat-
ment, MAP kinase activity can be detected even after 
5 h of treatment. This phenomenon is more pro-
nounced in pig oocytes, in which cdc2 kinase is barely
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detectable after 3 h, although MAP kinase is still fully
active after 5 h. It should be noted that BL I acts on the
ATP binding site and thus inhibits the instantaneous
activity of the cdc2 kinase (and other cdk kinases
except cdk4 and cdk7) in situ, but does not directly
influence the activation state of the kinase (Kitagawa et
al., 1993). This explains the fact that we were able to
observe some cdc2 kinase activity in the samples
prepared from cattle oocytes treated for 3 h with
BL I.
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The mechanisms by which oocytes are activated are
not fully understood, though it is generally believed
that the key event in this process is inactivation of CSF
by increased intracellular Ca2+ and subsequent inacti-
vation of MPF (cdc2 kinase) via cyclin degradation. As
mentioned earlier, several papers have reported acti-
vation of unaged pig or cattle oocytes by a combination
of different stimuli, such as ionomycin/ionophore,
ethanol or electric pulse combined with 6-DMAP or
cycloheximide (Presicce & Yang, 1994; Tanaka & Kana-

Figure 3 Histone H1 kinase and MAP kinase activities in control and BL I-treated oocytes. (A) Cattle oocytes were cultured in
control medium for 0–44 h or in control medium for 24 h and then in BL I for 3–20 h, or 24 h in control medium and 5 h in BL
I followed by transfer back to control medium for 3–15 h, and at the indicated time intervals the samples were collected for his-
tone H1 and MBP double kinase assay by adding both substrates in a kinase cocktail. (B) Changes in phosphorylation status of
two MAPKs (ERK1 and ERK2) as detected by mobility shifts in samples from control and BL I-treated oocytes shown by west-
ern blotting. Ten oocytes were used for each sample in both assays. The experiment was conducted three times and a repre-
sentative example is shown.
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gawa, 1997; Susko-Parrish et al., 1994; Cha et al., 1997;
Liu et al., 1998; Leal & Liu, 1998; Ernst et al., 1999).
These treatments were used with the intention of influ-
encing both Ca2+ metabolism and cyclin B turnover.
Both cycloheximide and 6-DMAP, however, apart
from influencing cdc2/cyclin B kinase, nonspecifically
influence a number of other proteins and protein
kinase activities, which might impair further develop-
mental capacity of resulting parthenotes. For that rea-
son, more recently, specific inhibitors of cdk kinases
(bohemine and BL I) have been used in combination
with ionomycin (Alberio et al., 2000) or with electric
pulse (Dinnyes et al., 2000) for activation of cattle and
pig oocytes, respectively. While bohemine treatment
alone had only small potential for activating bovine
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MII oocytes (Alberio et al., 2000), BL I at a concentration
of 150–200 µM was shown to be able to activate pig
oocytes at quite high rates (Dinnyes et al., 2000). Din-
nyes et al. (2000) also showed that the combination of
BL I with an electric pulse did not significantly increase
the rates of activation; however, the nuclear configura-
tion was significantly changed: while activation by BL
I alone resulted in 13–20% of parthenotes forming a
haploid pronucleus and two polar bodies and 47–53%
of parthenotes forming two pronuclei without extru-
sion of the second polar body, the combination of BL I
with an electric pulse induced the formation of two
pronuclei and one polar body in the great majority of 
the parthenotes obtained. On the other hand, when
bohemine was used alone for activation of bovine MII

Figure 4 Histone H1 kinase and MAP kinase activities in control and BL I-treated oocytes. (A) Pig oocytes were cultured in
control medium for 0–70 h or in control medium for 46 h and then in BL I for 3–8 h, or 46 h in control medium, then 8 h in BL
I followed by transfer back to control medium for 8–16 h, and at the indicated time intervals the samples were collected for his-
tone H1 and MBP double kinase assay by adding both substrates in a kinase cocktail. (B) Changes in phosphorylation status of
two MAPKs (ERK1 and ERK2) as detected by mobility shifts in samples from control and BL I-treated oocytes shown by west-
ern blotting. Ten oocytes were used for each sample in both assays. The experiment was conducted three times and a repre-
sentative example is shown.

https://doi.org/10.1017/S0967199402002071 Published online by Cambridge University Press

https://doi.org/10.1017/S0967199402002071


oocytes no chromosome segregation was observed and
nearly all activated oocytes formed one diploid pronu-
cleus without extrusion of the second polar body. The
combination of bohemine and ionomycin induced the
extrusion of the second polar body and the great
majority of parthenotes contained one pronucleus and
two polar bodies (Alberio et al., 2000).

In this paper we show that BL I alone at a concen-
tration of 100 µM is able to induce activation of both
pig and cattle MII oocytes at rates comparable to the
above-mentioned reports. The majority of parthenotes
(60–100% of cattle and 46–100% of pig pronuclear
(PN)-stage parthenotes; see Tables 1, 2) formed one
pronucleus and two polar bodies, 8–24% of cattle 
and 15–46% of pig PN-stage parthenotes formed two
pronuclei and one polar body, suggesting that the
segregation of chromosomes occurred in the vast
majority of activated oocytes. The differences between
our results and those of Dinnyes et al. (2000) are likely
to be due to the different timing of exposure of the
oocytes to BL I. From the presented data it is clear that
the activation rates increase with prolonged exposure
of the oocytes to BL I; however, after reaching certain
threshold (8 h for cattle, 10 h for pig oocytes), the num-
bers of degenerated or abnormal oocytes significantly
increase. On the other hand, too short an exposure to
BL I at a concentration of 100 µM is not sufficient for
inducing activation and the oocytes remain arrested in
metaphase. We have therefore chosen 5 h and 8 h inter-
vals for cattle and pig oocytes, respectively, to achieve
optimal results. Apart from the timing arrangements,
the differences between our results and those of
Dinnyes et al. (2000) could also be caused by different
doses of BL I. These authors speculate that the
increased concentrations of BL I might affect the
cytoskeleton, probably via direct non-specific inhibi-
tion of MAP kinase by BL I. Similarly, an electric pulse
combined with BL I (Dinnyes et al., 2000) induces inac-
tivation of CSF and as such also MAP kinase inhibition
quite soon during the process of activation. Our results
on the time course of cdc2 and MAP kinase activities
during activation of pig and cattle oocytes by BL I indi-
cate the following: firstly that cdc2 kinase becomes
inactivated after 3 h of BL I exposure (in both pig and
cattle oocytes), probably as a result of the absence of
cdc/cyclin B activity in situ; secondly that MAP kinase
is still active after 5 h of BL I exposure and becomes
totally inactivated subsequent to cdc2 kinase – after
about 5 h and 8 h of BL I exposure in cattle and pig
oocytes, respectively. These results suggest that MAP
kinase inactivation occurs as a consequence of
cdc2/cyclin B inactivation and when compared with
the combined activation protocol, it is somehow post-
poned. Moreover, the fact that MAP kinase, on the
other hand, can impair the inhibitory control of myt1
kinase on cdc2 kinase activity via its substrate p90rsk
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(Palmer et al., 1998), explains our findings showing that
in the oocytes treated for a shorter time (3 h) with BL I
and then cultured in control medium, cdc2 kinase
becomes reactivated and the oocytes return to the
metaphase state. This could be due to the continued
presence of high MAP kinase activity in such oocytes.
When MAP kinase becomes inactivated after longer
treatment with BL I, the inhibitory action of myt1
kinase is possibly re-established, cdc2 kinase remains
at low levels and the oocytes become irreversibly
activated.

Our results also confirm the generally known facts
that the activation of unaged cattle oocytes is more
difficult in comparison with pig oocytes and that the
activation rates for cattle oocytes are lower than those
for pig oocytes, even when the concentration and
timing of BL I exposure are optimised. The greater suit-
ability of BL I alone or in combination with other
activation stimuli for activation and/or cloning exper-
iments needs to be determined for both species in
further developmental studies.
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